In this paper, a decode-and-forward type cooperative spectrum sharing scheme exploiting energy harvesting and power superposition coding is proposed. The secondary transmitter (ST) acting as a relay harvests energy in the first phase of every two phases from the radio frequency signal transmitted by the primary transmitter (PT) of the primary network (PN) and uses it in the second phase for transmitting power superposed codes of primary signal of the PN and secrecy signal of the secondary network (SN). The ST splits the received primary signal with adjustable power splitting ratio for decoding the primary signal and charging the battery. The harvested energy in addition to internal energy from the battery of the ST is used for power superposition coding with variable power sharing coefficient. Our main concern here is to know the impact of the two power parameters on outage performances (probabilities) of the PN and the SN. Impact of the other system parameters on outage performances is also considered to provide more comprehensive view of system operation. Analytical or mathematical expressions of the outage probabilities of the PN and the SN are derived in terms of the power parameters, location of the ST, channel gain, and other system related parameters. Jointly optimal power splitting ratio and power sharing coefficient achieving target outage probabilities of the PN and the SN are found from the expressions. Our findings with considered system parameters include that 1) the jointly optimal power splitting ratio and power sharing coefficient achieving minimum outage probability of the PN are different from the ones for minimum outage probability of the SN and 2) high power splitting ratio, e.g., increased fraction for battery charging, is adverse to achieving low outage probabilities of the PN and the SN and 3) typically considered high power sharing coefficients, e.g., most power allocated for primary signal in power superposition coding, allow a range of power splitting ratio providing relatively small outage probabilities of the PN and the SN.
I. Introduction
Cognitive radio (CR) has been proposed in order to increase spectrum utilization of the licensed frequency band [1] [2] . Licensed primary network (PN) can take the frequency band at any time for signal transmission, whereas the secondary network (SN) senses the frequency band for opportunistic transmissions. An underlay protocol is also proposed in [3] . By the protocol, the SN can share the frequency band and the operation time with the PN, as long as its signal does not affect the signal of the PN. In [4] [5] [6] [7] , the spectrum leasing protocols of the CR networks in the form of cooperative spectrum sharing (CSS) are investigated. By the CSS scheme, the PN leases part of the licensed band to the SN to increase the QoS by the relaying of the primary signal by the SN and the SN takes the opportunity to access the licensed band as the reward of relaying. The decode-and-forward (DF) technique involves the secondary transmitter (ST) decoding the received signal from the primary transmitter (PT) 3 and the SN according to the power splitting ratio and the power sharing coefficient are derived. Section IV presents performance evaluation, according to the two power parameters. Section V concludes this paper. papers such as [9] . The system model in Fig.1 can be conceived as a wireless local area network (WLAN) coexisting with a sensor network. For instance, consider a residential environment with WLAN access point (AP) and a WLAN device as the PT and the PR, respectively, and also a sensor network including a smoke detector, consuming small power, as the ST and an alarm device as the SR. The ST can harvest energy from the RF primary signal transmitted by the PT to the PR, e.g., a downlink transmission. The ST can also periodically transmit its own secondary (secrecy) signal to the SR, together with the relayed primary signal.
II. System model
The channel gain at the PR and the SR are assumed obtained by the medium access control (MAC) protocol specified in [20] .
The received signals at the PR, the ST, and the SR in the first phase are obtained, respectively, as
where P is the radiation (transmit) power of the PT, and ,
PR ST
nn, SR n denote additive white Gaussian noise (AWGN) of the same variance N 0 at the PR, the ST, the SR, respectively. By the power splitting circuit, the received signal is divided into two lower powered signals. The fraction of the signal power is used for charging the battery and the other fraction (1- of the signal power is consumed for decoding. Specifically, the received signal used for charging is expressed as
so, the energy used for charging during the first phase can be described as
The received signal to be consumed for decoding in the first phase is given as
Considering additional noise generated by the RF-to-baseband conversion units (RFBCUs) for sampling [9] at the PR, the ST, the SR, (1a), (2c) and (1c) are modified as Since the ST combines the x p with its own signal x s by the superposition coding as following
where x c is the combined signal and   01   is the power sharing coefficient assigned to the data x p , and P ST is the transmit power of the ST in the second phase. In the second phase, the ST multicasts the data x c to the PR and the SR, with the transmit power P ST in (5) that can be provided from the harvested energy
along with the small internal energy stored in the battery of the ST. Let the small internal power of the ST be a fraction of P, e.g., , P  where 01   [12] . Then, the transmit power P ST in (5) is obtained from (2b) as follows
The received signals by the PR and the SR in the second phase from the ST can be expressed as 
Since the SR also receives the x p in the first phase, there are two cases for decoding the data x p with the received signal in (3c) 
Case 2: When the SR is successful in decoding the x p , the SR can cancel the interference component x p in (8b) and the signal at the SR after cancellation becomes
III. Outage probability analysis
A. Outage probability of PN Let R T , R APR , R AST be the target primary data rate, the achievable data rate at the PR, the achievable data rate at the ST, respectively, all in the first phase. Also, let R MRC be the achievable data rate at the PR in the second phase. Then the outage of the PN occurs when 1) R AST < R T and R APR < R T in the first phase or 2) R MRC < R T in the second phase when AST T RR  . This can be described mathematically by
The jointly optimal power splitting ratio and power sharing coefficient minimizing css PN P in (11a) with the other system parameters fixed can be expressed as ,, In (11b), "jopt" in the subscripts of  and  indicates the jointly optimal values of  and  minimizing css PN P , whereas , PN opt  to appear in Section IV for performance evaluation denotes the marginally optimal value of  for given  or other system parameter(s). Whenever necessary in Section IV, condition on the marginally optimal value of  is explicitly indicated.
From (4a), (4b), (9) , the R APR , the R AST , and the R MRC can be shown as
where the factor 1/2 indicates that the CSS scheme is operated in two phases. 
To get the Pr2 in (13b), a lemma is considered. 
In ( 
Proof: The proof is in Appendix A.
From the Lemma 1, the Pr2 in (13b) can be expressed as
Theorem 1: Following expressions are the Pr2 depending on  . 
The proof is shown in Appendix B. 
B. Outage probability of SN
The outage probability of the SN in the CSS scheme is obtained in three different cases. In the first case, the ST does not successfully decode the x p of the PT in the first phase. In the second and the third cases, the ST successfully decodes the x p of the PT in the first phase, and the achievable data rate at the SR is less than the target secrecy rate R s with or without interference cancellation, respectively. From these considerations, the outage probability of the SN can be expressed as 
Substituting (12b), (24a), (24b), (24c) into (23), the outage probability css SN P can be rewritten as 
Similarly, the Pr4 in (25) is rewritten as 
With (26a), (26b), (27), the outage probability css SN P in (25) can be described as 
IV. Numerical analysis and simulation results
The coordinates of the nodes are set to (0, 0) for the PT, (12b) , significantly increases the first term in (23), which is a marginal probability term in contrast to the joint probability terms in (11a) for the PN. As suggested in Fig.2 , typically considered high power sharing coefficients, e.g., most power allocated for primary signal p x in power superposition coding, allow ranges of power splitting ratios providing relatively small outage probabilities of the PN and the SN. and outage probability of the DT scheme is evaluated by (22). The outage probability of the PN with the CSS scheme decreases when  increases, and the curve of the outage probability shows the lowest values when  is the largest, i.e., . It is seen that the outage performance of the PN with the CSS scheme is better than the one by the DT scheme when the ST allocates large fraction of transmitted 15 power, i.e., to the primary signal x p . It is noted that the PN can achieve lower outage probability owing to the relaying of the ST and the SN is able to take the opportunity for transmitting the secrecy data with somewhat higher outage probability. (6) is comparable to the  value, so the  alone does not make a significant influence on the outage probabilities.
Nonetheless, higher  value, which makes the transmit power of the ST become larger, causes lower outage probabilities of the PN and the SN. Dependency of network environments can be accounted for by different path-loss exponents, i.e., 3.
  When
 is increased, the channel gain will be decreased, because   1.  is decreased, the outage probabilities of the PN and the SN are expected to be decreased. The impact of the energy conversion efficiency  in (2b) and thedescribing the noise variance of the RFBCU can be explained as follows. Higher value of the  leads to larger harvested energy, as judged from (2b), and causes larger transmit power of the ST in (6) . Hence, the SINRs at the PR and the SR become larger and subsequently the outage probabilities of the PN and the SN become lower. On the other hand, higher value incurs higher level of composite noise and causes higher outage probabilities of the PN and the SN.
V. Conclusion
A novel decode-and-forward type cooperative spectrum sharing scheme based on energy harvesting and power superposition coding is investigated. The ST adopts power splitting circuits to charge the internal battery and to consume for decoding the primary signal. System model is established and analytical or mathematical expressions for performance evaluation are derived in terms of system parameters including the power splitting ratio and the power sharing coefficient. The system performances of the PN and the SN are evaluated twofold: numerical analysis and Monte-Carlo simulations. Our findings with considered system parameters include that 1) the jointly optimal power splitting ratio and power sharing coefficient achieving minimum outage probability of the PN are different from the ones for minimum outage probability of the SN and 2) high power splitting ratio, e.g., increased fraction for battery charging, is adverse to achieving low outage probabilities of the PN and the SN and 3) typically considered high power sharing coefficients, e.g., most power allocated for primary signal in power superposition coding, allow a range of power splitting ratio providing relatively small outage probabilities of the PN and the SN. 
